Background: Patients who receive ventricular assist device (VAD) therapy typically rely on informal caregivers (family members or friends) to assist them in managing their device. Objective: The purpose of this study is to characterize changes in person-oriented outcomes (quality of life [QOL], depression, and anxiety) for VAD patients and their caregivers together from pre-implantation to 3 months post-implantation. Methods: This was a formal interim analysis from an ongoing prospective study of VAD patients and caregivers (n = 41 dyads). Data on person-oriented outcomes (QOL: EuroQol 5 Dimensions Visual Analog Scale; depression: Patient Health Questionnaire-8; anxiety: Brief Symptom Inventory) were collected at 3 time points (just prior to implantation and at 1 and 3 months post-implantation). Trajectories of change for patients and caregivers on each measure were estimated using latent growth modeling with parallel processes. Results: Patients' QOL improved significantly over time, whereas caregiver QOL worsened. Depression and anxiety also improved significantly among patients but did not change among caregivers. There was substantial variability in change on all outcomes for both patients and their caregivers. Conclusions: This is the first quantitative study of VAD patient-caregiver dyads in modern devices that describes change in person-oriented outcomes from pre-implantation to post-implantation. This work supports the need for future studies that account for the inherent relationships between patient and caregiver outcomes and examine variability in patient and caregiver responses to VAD therapy.
fact, the absence of an appropriate family or informal (unpaid) caregiver is a relative contraindication to VAD implantation. 6, 7 Early and sustained improvements in patient QOL after VAD implantation are well known, 8 and patient anxiety and depression also generally decrease. 4, 9 In contrast, there is qualitative evidence that family caregivers of VAD patients are at risk for compromised QOL and high anxiety and depression post-implantation. 10Y12 Importantly, person-oriented outcomes of patients and their caregivers are typically interdependentVmeaning that the outcomes for 1 member of the family caregiving dyad typically influence the otherVboth in the context of chronic illness in general 13 and in the context of HF 14, 15 and VAD implantation 16 in particular. The inherent interrelatedness of person-oriented outcomes of both members of a patient-caregiver dyad has important implications for research design and interpretation. Specifically, research that examines patients and their caregivers together can better approximate the context in which patients and caregivers experience and manage illness, 13 providing critical information to help clinicians support patients and families to cope with and manage HF and VAD therapy together. Thus, the purpose of this study is to characterize changes for both members of the VAD dyad on important person-oriented outcomes (QOL, depression, and anxiety) from pre-implantation to 3 months post-implantation.
Methods

Design and Population
This was a formal interim analysis of data from an ongoing prospective study of VAD patients and their family or informal (unpaid) caregivers, modeled after the dyadic framework proposed by Berg and Upchurch. 13 A primary aim of this study is to examine concurrent change in person-oriented outcomes among VAD patients and their caregivers. Data were collected over 2 years of enrollment (2013Y2015) from a sample recruited from an academic medical center in the Northwestern United States. Patients were part of a federally sponsored study on biobehavioral responses to VAD implantation; the design and recruitment procedures have been published previously. 17 Patients were included if they were 21 years or older and excluded for previous VAD/heart transplant or if they were unable to complete study requirements (eg, concomitant terminal illness, major psychiatric illness, major cognitive impairment). Caregivers were eligible if they were the adult (Q21 years of age) primary caregiver of the enrolled patient, as identified by the patient and agreed upon by the caregiver and the advanced HF team. The center's institutional review board reviewed and approved all procedures and all patient and caregiver participants provided written informed consent.
Data for this analysis were collected at 3 time points: a median of 5 days before VAD implantation and again at 1 and 3 months post-implantation. Data on patient comorbid conditions (Charlson Comorbidity Index 18 ), etiology and duration of HF, New York Heart Association Class, ejection fraction, and implant strategy were abstracted from the medical record. Both patients and caregivers completed surveys, which included demographic data (age, gender, race/ethnicity, education, employment, and relationship to one another) and study instruments as described below. Caregivers self-reported their own comorbid conditions using a validated instrument. 19 
Measures
Quality of life in patients and caregivers was measured using the EuroQol 5 Dimensions Visual Analog Scale (EQ-5D VAS). The EQ-5D VAS is a standard vertical visual analog scale on which participants rate their current health-related QOL from 0 (''worst imaginable health state'') to 100 (''best imaginable health state''). The EQ-5D is widely used in both healthy and chronically ill populations and has been recommended in VAD populations in particular for its reliability, validity, and utility in quantifying general health-related QOL. 3, 20 A general, rather than HF-specific, measure of QOL was selected given the dyadic focus of this analysis, as parallel measures from both dyad members facilitate within-dyad comparisons on the construct of interest.
Depression in patients and caregivers was measured using the Patient Health Questionnaire (PHQ-8), an 8-item depression screen. 21 Participants respond on a 0-to-3 Likert scale; scores were summed to produce a total score ranging from 0 to 24, with higher scores indicating greater depressive symptoms. The PHQ-8 is appropriate for self-administration; scores greater than 5, 10, 15, or 20 indicate mild, moderate, moderately severe, or severe depression, respectively. 21 In this sample, Cronbach's ! for patients and caregivers at all time points ranged from .84 to .90.
Anxiety in patients and caregivers was measured using the anxiety subscale of the Brief Symptom Inventory. 22 The anxiety subscale contains 6 items on a 0-to-4 Likert scale. The mean of responses produces a total score ranging from 0 to 4, with higher scores indicating greater anxiety. 22 In this sample, Cronbach's ! for patients and caregivers at all time points ranged from .78 to .90.
Analysis
The sample was described using means and standard deviations for continuous data and frequency and percentages for categorical data. Trajectories of change for patients and caregivers on each variable of interest were estimated using latent growth modeling with parallel processes. 23 Growth modeling with parallel processes allows for joint analysis of 2 interdependent processes (eg, concurrent change in patient and caregiver depression), providing an estimation of the intercept (pre-implantation assessment) and slope (change over time) for each member of the dyad, as well as how each process is correlated. 24 Importantly, this approach includes random effects between intercepts and slopes of both members of the dyad while controlling for the dependent nature of these data, allowing us to characterize changes in person-oriented outcomes for both members of the VAD patient-caregiver dyad. We generated 3 separate growth models with parallel processes: 1 for QOL, depression, and anxiety, respectively. Changes in person-oriented outcomes were quantified in the metric of Hedges g (standardized mean difference with a correction factor for small samples). 25 Missing data were handled using full information maximum likelihood estimation. 26 Descriptive statistics were conducted using Stata 14; parallel process models were generated using MPlus 7.
Results
Characteristics of the sample (n = 41 dyads) are presented in Table 1 . Patients and caregivers were in their mid-fifties on average. Most patients were male and most caregivers were female, and most patient and caregiver participants were white/non-Hispanic. Most caregivers were the patients' spouse; the next most common caregiver relationship was parental. The average length of relationship was 27.5 years (median, 28.3 years; interquartile range, 16.0Y39.0 years). Most patients received VAD therapy as a bridge to transplant, and the duration of HF at baseline was 7.9 years on average (median, 5.2 years; interquartile range, 2.5Y10.5 years). Patients were primarily INTERMACS Class 3 or higher at time of implantation. There was a small amount of attrition due to patient death (n = 2) and dissolution of the caregiving relationship (n = 2). Data on patient and caregiver QOL, depression, and anxiety are presented in Table 2 .
Quality of Life
Patient and caregiver QOL was not correlated before implantation or at 1 or 3 months post-implantation. On average, patients had large, statistically significant improvements in QOL from pre-implantation to post-implantation ( Figure 1 ). In contrast, caregiver QOL significantly worsened from pre-implantation to post-implantation. Based on the random effects modeling, worse caregiver QOL at baseline was correlated with greater improvements in patient QOL in response to VAD.
Depression
There was no significant correlation between patient and caregiver depressive symptoms before implantation, but worse depression in patients was correlated with worse depression in caregivers at both 1 and 3 months post-implantation (and vice versa). In response to VAD implantation, patients had large, statistically significant improvements in depressive symptoms from pre-implantation to post-implantation ( Figure 2 ). In contrast, caregiver depressive symptoms remained relatively stable from pre-implantation to post-implantation; there was a small numerical increase (worsening depression) at 3 months that was not statistically significant. Finally, based on the random effects analysis, there were no significant associations among pre-implantation values or change over time in depression between patients and their caregivers.
Anxiety
Patient and caregiver anxiety were not correlated before implantation or at 1 month post-implantation, but worse anxiety in patients was correlated with worse anxiety in caregivers at 3 months post-implantation (and vice versa). On average, patients had moderate to large, statistically significant improvements in anxiety from pre-implantation to post-implantation ( Figure  3 ). In comparison, caregiver anxiety remained relatively stable over time, as there was no statistical change from pre-implantation to post-implantation. On the basis of the random effects modeling, patients with worse anxiety pre-implantation tended to have caregivers who reported less anxiety and vice versa. In addition, worse caregiver anxiety at baseline was associated with less reduction in patient anxiety in response to VAD.
Discussion
In this sample of 41 patients undergoing VAD therapy and their caregivers, we observed improvement in person-oriented outcomes of QOL, depression, and anxiety among patients from preY to postYVAD implantation. Concurrently, patients' caregivers experienced worsening QOL but relative stability in depression and anxiety. In this section, we discuss initial levels, change, and interdependence in person-oriented outcomes for patients and caregivers, implications for clinical practice and research, and study limitations. Although our findings of QOL improvement for VAD patients are consistent with the existing literature, 8, 9 this study adds novel quantitative information on how QOL changes for VAD caregivers from preimplantation to post-implantation. Before implantation, caregivers in our sample had QOL scores that were equivalent to national norms. 27 Over time, however, caregiver QOL significantly worsened, and at 1 and 3 months post-implantation, average QOL scores were worse than healthy population averages. 27 Although we do not have an EQ-5D VAS comparator in HF caregiving, QOL scores in our sample were worse FIGURE 2. Change in patient and caregiver depression. Means and 95% confidence intervals are displayed for patients and caregivers at each time point. I p indicates patient intercept; S p , patient slope (" T SE); I c , caregiver intercept; S c , caregiver slope (" T SE). Effect sizes for patient and caregiver slope in the metric of Hedges g were 0.87 and 0.19, respectively. FIGURE 3. Change in patient and caregiver anxiety. Means and 95% confidence intervals are displayed for patients and caregivers at each time point. I p indicates patient intercept; S p , patient slope (" T SE); I c , caregiver intercept; S c , caregiver slope (" T SE). Effect sizes for patient and caregiver slope in the metric of Hedges g were 0.68 and 0.12, respectively. than those reported in stroke caregivers. 28 Given that psychological distress is associated with poor QOL, 29 it is possible that sustained depression and anxiety in our sample is a driver of compromised caregiver QOL. In addition, substantial gains in VAD patient QOL alongside losses in caregiver QOL may signal a potential trade-off in patient and caregiver QOL post-VAD. This potential trade-off is also reflected in our random effects findings, where worse caregiver QOL preimplantation was associated with greater improvements in patient QOL post-implantation. These quantitative findings are consistent with qualitative reports of caregivers sacrificing their own health to care for the VAD patient, 30 possibly as a mechanism for coping with elevated emotional distress post-VAD. 31 Findings from this study are also consistent with what little has been published on depression and anxiety for VAD patients and caregivers. For example, patient depression and anxiety improve post-implantation, 4, 9, 16 and similarly, we found substantial improvements for patients from preY to postYVAD implantation. For caregivers, VAD caregiving is characterized by high levels of anxiety from the point of decision onward, and many caregivers report persistent fear of clinical events and uncertainty for the future (ie, transplant potentiality or device failure).
11,12,32Y34
In addition, patient physical symptoms have been previously associated with worse caregiver psychological health, 35 and our sampleVlike the broader population of VAD patientsVhad advanced HF (New York Heart Association class III/IV) that is characterized by a heavy burden of symptoms. Hence, it not surprising that we observed caregiver depression and anxiety that were numerically worse than national norms and published averages in HF caregiving samples. 36Y39 However, it is important to note that we did not statistically compare these published samples with our own, and we observed a substantial amount of variability (ie, large standard deviations) in both depression and anxiety in our caregiving sample. Furthermore, at 3 months post-VAD, caregiver depression and anxiety were numerically worse than patient depression and anxiety on averageVa finding that is consistent with previous work in VAD. 16, 40 In addition, we observed that worse caregiver anxiety pre-implantation was associated with less improvement in patient anxiety over time, as well as increasing correlations between patient and caregiver depression and anxiety.
Our correlational and random effects findings for patients and caregivers with regard to anxiety are novel and somewhat unintuitive, having not previously been reported in VAD dyads or similar caregiving contexts. In particular, we found that worse patient anxiety at the pre-implantation stage of the trajectory was associated with less caregiver anxiety, but at 3 months postimplantation, worse patient anxiety was associated with worse caregiver anxiety. Given the pathogenesis of advanced HF, it is expected that patients would have worse anxiety than caregivers would pre-implantation. However, why an inverse relationship between patients and caregivers exists in our sample is less clear and requires further inquiry into patient HF symptom biomechanics and associated caregiver response across the trajectory of HF. It is possible that patients who are the most anxious are also the most sick, and caregivers of these patients (who face severe and life-threatening illness with few treatment options) respond to the prospect of VAD therapy with hope and optimism, both of which have been shown to buffer symptoms of anxiety. 41 As HF improves in response to device therapy, however, patients likely return to the level of affective symptoms that existed in the dyadic relationship before HF became advanced, whereas caregivers appear to remain relatively stable. Thus, given the large proportion of spousal dyads in our sample, a return to some level of normalcy may also facilitate a return to within-dyad sharing of psychological distress, a phenomenon called emotional contagion, 42 that has also been observed in stroke dyads. 43 It is also important to note that, given the small sample size, these analyses do not contain covariates. Other individual or dyadic effects may influence trajectories of change or relationships between trajectories, a limitation of this work that necessitates further research with larger and more heterogeneous samples. However, overall, the results of this preliminary analysis demonstrate that the experience and outcomes of 1 member of the caregiving dyad also influence the other member, and vice versa, supporting a need to examine VAD patients and caregivers within the context of the caregiving relationship. 13, 44 This is the first study in continuous-flow devices to quantify change over time in caregiver personoriented outcomes from pre-implantation through postimplantation. Given the dramatic changes in patient outcomes, it is important to discuss the contrasting finding of relative stability in caregivers. First, VAD caregivers typically transition into VAD caregiving with a substantial amount of HF caregiving experience 30 and have described VAD caregiving as different but equally challenging. 12 Furthermore, caregivers have characterized the VAD experience as a ''24/7'' role even months after implantation 45 and report distress at all phases (from pre-implantation evaluation through support). 32 This may explain both the burden of depression and anxiety at baseline and lack of change over time. It is also important to note that ''no average change'' is not equivalent to ''no change,'' given that substantial variability in change impeded our ability to precisely estimate slope coefficients for caregiver depression and anxiety. In particular, we observed substantial variability in caregiver anxiety, depression, and QOL at each time point and over time, as evidenced by large standard deviations and wide 95% confidence intervals. Furthermore, it is important to note that, while the patient underwent a major clinical intervention (VAD), the caregiver did not; thus, we would not expect consistent caregiver response in a therapeutic direction. Rather, our findings of interdependence and variability in change for patients and caregivers provides support for examining and quantifying potential subgroups of dyads that respond well or poorly to VAD therapy together, to identify dyads that may be at particularly high risk for poor outcomes.
Implications
This study has several clinical and research implications. First, variability in responses to VAD implant limits our ability to provide anticipatory guidance to patients in general and family caregivers in particular. There remains an imminent need for research that provides clarity on which patients and caregivers are at highest risk and how they can be supported together to optimize person-oriented outcomes. Second, we observed correlations in person-oriented outcomes within dyads over time. Given that VAD therapy is often a long-term intervention, research is needed that examines patients and caregivers together to inform clinical strategies that best approximate the real-world context in which patients and caregivers jointly manage the device. Third, we observed a substantial burden of emotional distress for caregivers and a significant decline in QOL. Lack of preparation for the psychological burden of caregiving and the necessity of support systems for caregivers and patients are well documented 5, 11, 33 ; however, little is known about how support should be structured or potential costs/benefits. Importantly, despite difficulties, most patients and caregivers have minimal decisional regret. 12, 46 Thus, to advance the science toward supporting patients and caregivers together and identifying when and for whom psychosocial and dyadic interventions are most appropriate, we need investment in research that includes both patients and caregivers, and that employs robust methods to handle dyadic data.
Limitations
This study has limitations. First, this was a relatively small, single-site sample of primarily middle-aged, white male patients and female caregivers, almost all of whom were couples. Future work with analyses by age, gender, relationship type, and more diverse racial and ethnic backgrounds is needed. Second, out of necessity, we excluded a small number of patients who did not have a primary caregiver at the time of implant; thus, these findings may not be generalizable to rare situations where a VAD is placed without clear caregiving support. Finally, this current analysis was unadjusted and followed patients and caregivers through 3 months post-implantation; our future work will contain follow-up through 6 months and will control for the effects of potential confounders.
Conclusions
In this study of person-oriented outcomes in VAD patients and caregivers, we found that VAD caregiver QOL worsened from pre-implantation to post-implantation, whereas patient QOL improved significantly. VAD patient depression and anxiety also improved, whereas caregivers reported substantial depression and anxiety pre-implantation that did not improve over time. Given the morbidity and mortality associated with end-stage HF and VAD, it is likely normative for patients and caregivers to feel anxious and/or depressed before implantation. For patients, these symptoms will most likely improve post-implantation, but for caregivers, it is reasonable to recommend supportive therapy (eg, psychological services) across the spectrum of VAD support to manage persistent anxiety and depression and potentially mitigate compromises to QOL. Furthermore, given the relationships between patient and caregiver outcomes and the transactional nature of the caregiving dyad, there may be particular benefit to referring patients and caregivers together for supportive services (eg, joint patient-caregiver counseling). However, to better identify and support patients and caregivers who are at greatest risk for poor outcomes, future research is needed that examines how patients and caregivers respond to VAD therapy together, within the context of the caregiving dyad.
What's New and Important h VAD patient QOL, depression, and anxiety improve significantly from pre-implantation to post-implantation. h Caregiver QOL worsens from pre-implantation to post-implantation, and caregivers report substantial pre-implantation depression and anxiety that do not improve post-implant. h Given the associations between patient and caregiver outcomes, there may be benefits to studying and treating VAD patients and caregivers together as a dyad.
